The properties of membrane-bound integral choline acetyltransferase (Chat) (Benishin & Carroll, 1983) present in rat and guinea-pig cerebral cortical synaptosomes, have been studied using Triton X-114, a non-ionic detergent which permits purification of integral membrane proteins under relatively mild conditions (Bordier, 198 1). The present study reports the influence of chloride ions on (a) the yield of hydrophobic integral Chat obtained from extensively washed membranes and (b) the enhancement of immunolysis produced by anti-Chat serum plus complement (AbC + C) when intrasynaptosomal chloride concentrations were manipulated by administration of y-aminobutyric acid (GABA) or the GABA, agonist muscimol to open membrane chloride channels, or by reducing extracellular chloride concentrations.
The properties of membrane-bound integral choline acetyltransferase (Chat) (Benishin & Carroll, 1983 ) present in rat and guinea-pig cerebral cortical synaptosomes, have been studied using Triton X-114, a non-ionic detergent which permits purification of integral membrane proteins under relatively mild conditions (Bordier, 198 1). The present study reports the influence of chloride ions on (a) the yield of hydrophobic integral Chat obtained from extensively washed membranes and (b) the enhancement of immunolysis produced by anti-Chat serum plus complement (AbC + C) when intrasynaptosomal chloride concentrations were manipulated by administration of y-aminobutyric acid (GABA) or the GABA, agonist muscimol to open membrane chloride channels, or by reducing extracellular chloride concentrations.
Synaptosomes were prepared (Bradford et al., 1973) , and then lysed and washed as described before (Benishin & Carroll, 1983) . In some experiments, synaptosomes were resuspended in oxygenated Krebs' phosphate medium (Docherty et al., 1985) and incubated at 37°C for 20min.
After washing samples were dissolved in 10 mw-Tris/phosphate, pH 7.4/150mM-NaC1/1% Triton X-114 (1-2mg of protein/ml) on ice. Samples were then phase-separated by heating to 37°C (Bordier, 1981) . Triton X-I14 was removed from samples before subsequent assay by incubation with Bio-Beads SM-2 (Bio-Rad Ltd.). In some experiments membranes produced from lysed and extensively washed synaptosomes were incubated (30min on ice) with solutions which contained varying chloride concentrations. Anionic concentration of these solutions was maintained at 150 mM by addition of the appropriate concentration of sodium isethionate. A solution of Triton X-I14 in Tris/phosphate was then added to give a final concentration of 1% detergent in 10 mM-Tris/phosphate. Samples were then subjected to phase-separations as before using 'sucrose cushions' which contained appropriately reduced chloride concentrations.
Immunolysis of cholinergic synaptosomes by AbC + C was carried out as previously described (Docherty et al., 1985) . Sodium isethionate was used to maintain anionic concentration where appropriate. When GABA, muscimol, bicucculine, baclofen or veratrine were tested they were added after dilution of the preincubated synaptosomes. Bicucculine, if present, was allowed to act for 5 min at 37OC before AbC + C and/or agonists were added. Incubations were then allowed to continue for 30min. Other assays were as described in Docherty et al. (1985) .
The distribution of Chat in lysed synaptosomes prepared
Abbreviations used: Chat, choline acetyltransferase; AbC + C, antiChat serum plus complement; GABA, y-aminobutyric acid; LDH, lactate dehydrogenase.
Vol. 15 from rat and guinea-pig synaptosomes (total activity rat 1332 f 216, n = 15 and guinea-pig 2097 f 221 pmol/mg per min, n = 6; means s.D.) was found to be relatively similar. Most activity was recovered in the water lysate and first 100 mM-sodium phosphate wash (6668%). A further 5% of activity could be removed by 500 mM-NaC1. Most of the remaining activity (about 10%) was found in the hydrophilic phase of Triton X-114 after solubilization and separation. However, a significant proportion (about 6%) could be detected in the hydrophobic phase. Most lactate dehydrogenase (LDH) activity in these preparations was removed by the sodium phosphate and NaCl washes (82%). If present in the Triton X-114 fraction LDH was always recovered in the hydrophilic portion after phase separation. In all preparations an excellent yield of ouabain-binding sites (a marker for Na+ /K+ -ATPase, an integral membrane protein) was obtained in the hydrophobic phase of Triton X-114 (84%).
The yield of hydrophobic integral Chat, but not of ouabain-binding sites, could be increased by exposure to reduced chloride concentration. In the presence of 150 mMchloride 28% of membrane-associated Chat (total activity 259 f 29 pmol/mg per min, n = 4, mean f s.D.) could be extracted into the detergent-rich phase of Trixton X-114. When the chloride concentration was reduced to 10 mM the hydrophobic proportion increased to 77%.
The extent of immunolysis observed (as indicated by Chat and LDH release and reduction of choline uptake) after exposure to a sub-maximal dose of AbC + C, could be increased by exposure to either reduced extracellular chloride concentration (1 15 mM), GABA (1 mM) or muscimol ( 1 0~~) but not baclofen (IOPM, data not shown). The actions of GABA and muscimol could be blocked by pretreatment with bicucculine (~OPM), indicating that the effects arose due to stimulation of GABAA receptors, presumably present on cholinergic synaptosomes. GABA, receptors are thought to be linked to chloride channels in the membrane (Simmonds, 1984) . Veratrine also caused an enhancement of immunolysis (Table 1 ). This action, however, was greatly reduced by bicucculine (1 0 PM) indicating that released endogenous GABA acting on GABA, receptors was probably responsible. When synaptosomes were exposed to these treatments in the absence of AbC + C no lysis occurred, except in the case of veratrine, when a small quantity of both Chat and LDH was released.
It can be seen that exposure to GABA or reduced extracellular chloride concentrations causes qualitatively similar results (Table I ). Since both treatments are likely to affect chloride distribution in the preparation this is the most probable mechanism to explain their common action. Presumably both treatments lead to a reduced intracellular chloride concentration. That GABA can bring about a decrease in intracellular chloride concentration is not surprising since in nerve terminal and dendritic regions of cells extracellularly applied GABA causes a depolarization which is probably secondary to outward movement of chloride ions through GABA-operated chloride channels (for review see Simmonds, 1984) . Current evidence suggests that the chloride concentration in nerve terminals is likely to be equal to or greater than extracellular levels (Naalsund & Fonnum, 1986) . Results presented in this paper suggest that the distribution of a significant pool of Chat between hydrophilic and hydrophobic phases of Triton X-I14 is dependent on chloride concentration. Further, treatments which influence chloride distribution between intracellular and extracellular compartments in. intact synaptosomes (i.e. reducing intracellular chloride) affect the ability of extracellularly applied AbC + C to cause lysis. Both these results would be consistent with a reduced chaotropic action of chloride allowing a greater proportion of membrane-associated Chat to convert to a membrane-bound integral form. This may represent an important physiological mechanism capable of regulating acetylcholine synthesis in the nerve terminal related to activity of GABAergic synaptic inputs. (1984) tions (Bradford, 1975) . However, because all synaptosome preparations from mammalian brain contain a multiplicity of neurotransmitters it is often difficult to assign, with certainty, the action of an applied agent to one particular nerve terminal sub-populations. Highly purified cholinergic synaptosome preparations from Torpedo electric organ are available (Morel et al., 1978) ; however, responses obtained here may not be relevant to the mammalian central nervous system. Thus, to obtain homogeneous nerve terminal preparations that will be useful in the more detailed study of these systems it will be necessary to purify particular subpopulations of synaptosomes from heterogeneous starting material. Such purifications are theoretically possible if the different terminals express neurotransmitter-specific
